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Introduction
Hysterectomy performed on benign indication is the most frequent surgical operation in gynecology and is usually subtotal hysterectomy. The subtotal technique implies retaining the cervix (1) .
Women who have a subtotal hysterectomy are more likely to present with persistent vaginal bleeding (PVB) postoperatively, even several years after the surgery. Vaginal bleeding has been reported in 5-22% of women following subtotal hysterectomy (2) (3) (4) (5) . Intraoperative electrosurgical cauterization of the cervix in connection with subtotal hysterectomy has been the technique used to prevent subsequent vaginal bleeding. However, information to provide evidence for the efficacy of such treatment is lacking (6) (7) (8) . No evidence, so far, has shown any substantial significant clinical benefits of subtotal hysterectomy vs. total hysterectomy.
The objectives of this register study were to establish the prevalence of PVB 1 year after subtotal hysterectomy; to analyze the effect of intraoperative cervical treatment during the subtotal hysterectomy on the occurrence of PVB; and to evaluate the impact of the bleeding on the patient's self-reported assessment of her medical condition and the contentment with the hysterectomy 1 year after surgery.
Material and methods
This retrospective study used data from the Swedish National Register for Gynecological Surgery. The cohort of women undergoing subtotal hysterectomy for benign conditions between January 2004 and June 2016 was retrieved from the register. Exclusion criteria were postmenopausal women or, women >55 years of age, present prolapse, urinary incontinence, dysplasia, or adnexal tumor as the main indication for surgery, mode or indication for surgery unclear in the register, preventive or pregnancy-related surgery, and present chronic infectious diseases. Moreover, all women who had a total hysterectomy were excluded from participation.
All women undergoing gynecological surgery received written information about the register before surgery, and could voluntarily decline to participate in the register. More than 75% of all benign hysterectomies performed in Sweden during this period were performed on women enrolled in the register (9) .
The data collection process involved both patients and physicians. Preoperatively, patients completed a health declaration form and answered questions about subjective symptoms. The gynecologist who performed the preoperative assessment completed a form about preoperative objective findings. In connection with the operation, the surgeon recorded detailed information about the type and course of the operation. At discharge, the doctor filled out a postoperative form concerning the postoperative course. Eight weeks and 1 year after the operation the patients received an inquiry form with questions regarding health status, recovery, and the patients' experiences of the surgery, their satisfaction with the surgery, and their current medical condition in relation to the outcome of the surgery. Furthermore, the operating gynecologist reviewed and evaluated all patient inquiry forms (9) . All information from the patients, as well as the gynecologist's evaluation, was recorded in the register.
In this study, the assembled data included (i) the demographics from the health declaration: age, parity, height, and weight, making it possible to calculate the body mass index (BMI), smoking habits and patients' preoperative expectation of the surgery; (ii) the clinical data accumulated peri-and postoperatively: the American Society of Anesthesiologists classification, indication of surgery (uterine myoma, menstrual disorder, pain-related, adnexa-related, or other indications), mode of hysterectomy [abdominal or minimal invasive (laparoscopic or vaginal)], hysterectomy technique (total or subtotal), occurrence of cervical treatment intraoperatively (no treatment, electrocoagulation, and/or resection), and whether the patient had any remaining ovary at the conclusion of the surgery; and (iii) the information from the 1-year inquiry form covering the occurrence of PVB, the rating of the medical condition at present, and the contentment with the result of surgery.
The question and the options of possible answers related to the expectation of surgery in the preoperative inquiry form were formulated as: "What are your expectations of the surgery?" (No expectations/Symptoms to be relieved/Get rid of symptoms). In the 1-year inquiry form the questions and options of answers were formulated as: "Do you experience PVB?" (Yes/No). "How do you rate your medical condition at present:" (Much improved/ Improved/Unchanged/Worse/Much worse); "Regarding the result of the operation, I am:" (Very satisfied/Satisfied/Neither-nor/Dissatisfied/Very dissatisfied). The question concerning the result of the surgery in the 1-year questionnaire was included in 2010.
Key Message
Persistent vaginal bleeding (PVB) was common following subtotal hysterectomy. Intraoperative cervical treatment did not affect PVB. A large majority of women was satisfied postoperatively, but women with PVB were less content. Information concerning risk of PVB may be important when choosing technique of hysterectomy.
Statistical analyses
Several of the continuous data showed non-normal distribution, so the variables on continuous scales were described as median and range. Nominal data were presented as frequency and percent. In order to assess the outcome measures, multivariate logistic regression analyses were conducted. The multivariate logistic regression models were adjusted for confounding factors. The known confounding factors [age, BMI (as a continuous variable), smoking, cervical treatment intraoperatively, and having a remaining ovary postoperatively] were entered simultaneously into the models. Initially, the potential confounders preoperative indication (trichotomized to menstrual disorder, myomas, or other indications) and the approach of the surgery (dichotomized to abdominal or minimal invasive) were included simultaneously, together with the other mentioned confounders in the model in order to determine whether they exerted independent effect modification on the outcome. Only the potential confounders that were found to be independent factors were used in the final models. In addition, the preoperative expectation of the surgery was added to the confounders in the analyses of the patient-reported satisfaction with the result of the surgery. The results were presented as crude and adjusted odds ratios (ORs or aORs) and 95% confidence intervals (95% CI).
To analyze the impact of the missing data concerning intraoperative cervical treatment and occurrence of PVB at the 1-year follow up on how the patient rated the result of the surgery we made four "worst-case scenarios". In scenario A, all missing data concerning cervical treatment were considered as "no treatment of the cervix" and all missing data concerning vaginal bleeding were considered as "no vaginal bleeding". In scenario B, all missing data about cervical treatment were considered as "no treatment of the cervix" and all missing data concerning vaginal bleeding were considered as "having vaginal bleeding". In scenario C, all missing data concerning cervical treatment were considered as "the cervix has been treated" and the missing data concerning vaginal bleeding were considered as "no vaginal bleeding". Consequently, scenario D ends up with all missing data concerning cervical treatment as "the cervix has been treated" and missing data concerning vaginal bleeding as "having vaginal bleeding".
The software STATISTICA v 13.0 (Dell Software, Aliso Viejo, CA, USA) was used for the statistical analyses.
Ethical approval
The study was approved by the Regional Ethics Board of Link€ oping University (Reg. nr. M19-07; amendment 2016/66-32). Figure 1 presents the flow chart of the study population. Eventually, 5240 women with subtotal hysterectomy were included in the study and constituted the study group. The response rate of the 1-year inquiry form was 70% (Figure 1) .
Results
The demographic and descriptive clinical and surgical data for the study group, subdivided after occurrence of PVB, are presented in Table 1 . PVB occurred in 18.6% (672/3607). Information concerning PVB 1 year postoperatively was lacking in 31.2% (1633/5240). Even though the differences between the groups were mostly clinically insignificant, the women with PVB were slightly younger than the women who did not suffer from PVB, had a slightly higher BMI, but were less often smokers. The indications for the hysterectomy as well as the distribution of American Society of Anesthesiologists classes and occurrence of intraoperative treatment of the cervix were evenly distributed between those with and without PVB. Table 2 presents data regarding preoperative expectation of surgery, self-perception of medical condition and opinion of the result of surgery 1 year postoperatively.
The distribution of women in relation to cervical treatment intraoperatively and PVB 1 year postoperatively is shown in Table 3 . The distribution of data in "worst-case scenarios" concerning missing data of PVB 1 year postoperatively and cervical treatment intraoperatively is presented in Table 4 . Treatment of the cervix intraoperatively at the time of the subtotal hysterectomy did not seem to influence the risk of experiencing PVB 1 year postoperatively (crude OR 1.21; 95% CI 0.79-1.85 and aOR 1.48; 95% CI 0.93-2.37). In the "worst-case scenarios," these results remained consistently statistically insignificant as shown in Table 5 . There was no association between the type of cervical treatment (resection and/or electrocoagulation) and occurrence of PVB (data not shown).
Age (aOR 0.94; 95% CI 0.92-0.96), smoking (aOR 0.60; 95% CI 0.44-0.82), and no remaining ovary postoperatively (aOR 0.42; 95% CI 0.18-0.97) were independent protecting factors for not having PVB 1 year after the subtotal hysterectomy. In contrast, neither menstrual disorder as indication for surgery (aOR 1.09; 95% CI 077-1.56) nor mode of surgery (minimal invasive) (aOR 1.14; 95% CI 0.74-1.78) were independent risk factors for PVB.
Even though more than 90% were satisfied or very satisfied with the result of the surgery, women that experienced bleeding episodes 1 year after the subtotal hysterectomy were statistically significantly less content with the result of the surgery (crude OR 0.55; 95% CI 
Discussion
This study showed a prevalence of PVB of 18.6% following subtotal hysterectomy. Intraoperative cervical treatment did not affect the frequency of PVB 1 year postoperatively. More than 90% of the women were satisfied or very satisfied with the result of the hysterectomy, but women with PVB were significantly less content with the result of surgery.
The study is based on data from the Swedish National Register for Gynecological Surgery, which comprises more than 75% of all benign hysterectomies performed in Sweden during the study period. The strength of this study is the large study population and the rather homogeneous health care in Sweden. The health care in Sweden is free for all people living in Sweden and is paid for by the public taxes through the government. Consequently, the risk of selection bias due to for instance social or economic factors is small, and the study population is representative of the Swedish female population. Missing data in the register is a drawback of the study. The register has been evaluated and described in several articles but still it seems that a comprehensive validation of the register has not been carried out (10, 11) .
The prevalence of PVB found in this study is in accordance with the results of previous studies of subtotal hysterectomy (12, 13) . Intraoperative cervical treatment has been recommended in subtotal hysterectomy to prevent PVB (6, 8, 14) . In this study, intraoperative treatment of the cervix did not seem to prevent PVB 1 year postoperatively. However, 31.2% did not answer the question concerning PVB and in 42.6% of cases no information was given concerning intraoperative treatment of the cervix. Hence, to adjust for these missing answers and information we constructed the four most extreme scenarios using the options that all the missing data were either vaginal bleeding or no vaginal bleeding and the cervix was untreated or treated, respectively. The results showed that no significant differences in prevalence of PVB were found in these four extreme scenarios or in the de facto data, implying that the prevalence of PVB 1 year postoperatively after subtotal hysterectomy is independent of the intraoperative treatment of the cervix. In a randomized, controlled, prospective study from 2013, Berner et al. concluded that removal of the endocervix by reverse conization during laparoscopic supracervical hysterectomy appeared to have no effect in terms of reduced bleeding or improved patient satisfaction (8) . There is currently no obvious evidence from studies to support treatment of the endocervix intraoperatively for the purpose of reducing the risk for PVB postoperatively. For obvious reasons, increasing age, smoking, and lack of ovaries postoperatively were independent protecting factors for PVB. With increasing age the risk of the menopause starting increases. Smoking changes the metabolism of estrogen, and consequently decreases its proliferative effect on the remaining endometrium in the cervix. Due to the lack of ovaries following the surgery the woman begins the menopause postoperatively (15) . Estrogen replacement treatment for climacteric symptoms may cause periodic bleeding from a retained cervix after subtotal hysterectomy. In the 1-year inquiry form a question concerning use of estrogen for climacteric symptoms was asked. However, the response rate for that question was very low, with missing data in nearly 97% of cases, so it was not meaningful to adjust the results concerning the occurrence of PVB for this important confounder.
More than 90% of women report a high satisfaction rate and improvements of quality of life several years following hysterectomy, irrespective of surgical approach or technique (4) (5) (6) 16) . This study supports the notion of a high satisfaction rate. The results indicated that women experiencing PVB were less content with the hysterectomy. That seems understandable as hysterectomy is usually performed as a curative treatment for a bleeding disorder (1, 17) . However, provided that the woman was well informed preoperatively about the risk for PVB, it may also be seen as indicating disappointment with belonging to the group who developed PVB. The present study demonstrated a significant influence of PVB on patient satisfaction, which is contrary to other studies that did not show this effect (8, 16, 18) .
The rating of the medical condition 1 year after the surgery did not differ between women with and without PVB. Rating of the medical condition can be interpreted as embracing a broader aspect of health than asking about just the opinion concerning the result of surgery. Rating of the medical condition can be seen as a comprehensive picture of the health status of the woman, influenced by several health factors not included in the register, and therefore not possible to comment on in this study. Furthermore, it is hazardous to interpret the results as more than 40% of the women did not answer this question in the 1-year inquiry form.
The majority of women expected complete or partial relief of symptoms and 90% were satisfied or very satisfied with the result of the hysterectomy. Adequate preoperative information is important in patient education to achieve realistic preoperative expectations. Patients who are not satisfied with the preoperative information are more likely to be dissatisfied with the result of surgery (18, 19) .
In conclusion, PVB is common following subtotal hysterectomy. Intraoperative cervical treatment with resection and/or electrocoagulation does not affect the prevalence of PVB. It seems to be a benefit for the patient to prevent PVB to accomplish optimal satisfaction following hysterectomy. To recommend subtotal hysterectomy, it is appropriate that the preoperative information comprises detailed information about the approximately 20% risk of PVB. For women who are not willing to accept such a risk, subtotal hysterectomy seems not to be an option (20, 21) . 
